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INTRODUCTION

Relative to other endocrilJeorgans, researchon the physiology of the pine_J}'ns been a rather
recent endeavor, and discoveries relative to pineal physiology have proceeded rather slowly.
Considerable advances in this area have occurred over the past two decades and many textbooks
are now espousing it as a true endocrine gland (Hadley, 1988). It is now known that the pineal
organ can interact with many endocrine and nonendoerine tissues in a regulatory fashion. It is well
established that an antigonadal hormone of pineal origin (most likely the indoleamine melatonin) is
involved in the photoperiodic regulation of reproduction in seasonally breeding mammalian
species, and some nonseasonal breeding species (possibly also humans). Recent reviews implicate
the pineal in the functioning of other organs and systems besides those involved in reproduction
including: temperature regulation, thyroid, growth hormone, adrenal glucocorticoid synthesis,
behavior (arousal/depression), circadian system (activity/rest), and skin pigmentation (in lower
animals). Several excellent journal reviews and books on pineal physiology have appeared over the
past ten years (see Reiter, 1981a; Reiter, 1981b; Vollrath, i981; Reiter, 1982; Binldey, 1983;
Axelrod, et al. 1983; Presloek, !984; Reiter, 1984; Brown and Wainwright, 1985; O'Brien and
Klein, 1986). In view of the fact that the pineal is an important link to the environment (Reiter,
1986), it is conceivable that exposure to microgravityand spaceflight might alterthe function of
this gland and, in turn, affect various physiological functions including the circadian timing system
and reproduction.

Primary control of pineal function is mediated by the photoenvironment. Light impinging upon the
: retina influences th_ pineal via the following pathway: retino-hypothalamic tract, suprachiasrnatic

nuclei, median forebrain bundle, superior cervical ganglia, sympathetic efferents. Adrenergic
" receptor activation results in stimulation of N-Aeetyltransferase (NAT)activity with resulting

production of melatonin from the precursor serotonin (5- hydroxytryptamine, 5-HT). Indeed, the
serotonin concentration of the pineal gland exceeds that of any other organ and is fifty times that of
,.'_nyother brain area (Quay, 1963). Melatonin is probably the most important pineal secretory
product in terms of distant regulatory responses (e.g. antigonadal effects). However, several other
non-indole hormones are reputed to be synthesized there, (e.g., arginine vasotocin, oxytocin,
arginine vasopressin, an alpha-MSH like peptide, GnRh, TRH, renin, and angiotensin I). The
pineal melatonin content fluctuates with a pronounced circadian rhythm (amplitude of about 20-
plus orders of magnitude) and it is rapidiy inhibited when the animal is exposed to light. Wurrman
and Ozaki (1978) suggested that the availability of serotonin may be involved in regulating the
synthesis of melatonin in the pineal. Chan and Ebadi (1980) provided evidence that under certain
experimental conditions serotonin may inhibit the activity of NAT, a key enzyme in the synthesis
of melatonin. Serotonin also exhibits circadian rhythmicity (amplitude of approximately 2-3 orders
of magnitude) and this rhythm persists even in blinded weanling rats. Given its key role in the
regulation of melatonin synthesis, its high concentration, and that its levels may persist longer than
the more rapidly changing melatonin, we felt that serotonin might give a more accurate assessment
of the effects of microgravity on pineal function following recovery of the animals from the flight.
We also measured 5- hydroxyindole acetic acid (5-HIAA), a major metabolite of serotonin, hoping
that we might be able to assess an efEct on serctonin metabolism (turnover).

' One of the most interesting concomitants to spaceflight and exposure to microgravity has been the
disturbing alteration in calcium metaboF.sm and resulting skeletal effects. It was recognized as
early as 1685 (cited in Kitay and Altschule, 1954) that the pineal of humans calcified with age.
ttowever, little can be found in the literature relating calcification and pineal function. Given the
link between exposure to microgravity and l_'turbation of calcium metabolism and the fact that the
pineal is apparently one of the only "soft tissues" to calcify, we examined pineal calcium content

.. following the spaceflight.
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MATERIALS AND METHODS

, Cosmos 1887 animal grou_

a) Flight animalr.

Pineals were obtained from 5 (#6-#10) of the 10 male rats (Czechoslovakian- Wistar, origin
Institute of Endocrinology, Brattislava, Czechoslovakia) that were flown aboard the Soviet
Biosatelli_ Cosmos 1887. The flight launched 9/29/87 at 15:50 and landed 10/!2/87 at 07:03
(Moscow time). The orbital inclination was 62.8 degrees and the apogee and perigee were 406 and
224 kilometers, respectively. Fourteen gram boluses of food (total 55 g/rat/day) were provided at

02:00, 08:00, 14:00, and 20:00 hrs. each day. Water was provided iltl.lil2iB_. The air pressure inthe cage _as 760 mmHg, the humidity averaged 58%, and the ambient temperaturewas 22-23
degrees C. Lights were on from 08:00-24:00, and off from 24:00-08:00. Light intensity was 4-8
lux at the cage floor and was provided by an incandescent lamp placed over each feeder. Due to
problems related to the recoveryof the biosatellite once it had landed, the fmal sacrifice and

, dissection occurredon the morningof 10/14/87, approximately49 hoursafter the re-entry landing.
The animalswere last fed in flight at 02:00 hrs. on 10/12/87, and were not fed again until in the

: animalquartersat the recovery/dissection site at 20:00 hrson 10/13/87 when they receivedahalf
day portionof food (28 g/each).They were, therefore, without food for approximately 42 hours.

_, Given the logistics of the recovery and the fact that the lights were turned on in the satellite at 05:00
') hrs. on 10/12/87 in preparation for the landing, the light cycle was notconstant. From data
: provided regarding the post flight recovery it is apparent that the animals experienced about a 3-5

hour phase advance and were subjected to a 36 hour day (20 hours darkness" 16 hours light) upon
landing.

b) Basal control animals.

They were put into flight-type cages and had a flight (paste) diet for 14 days before sacrifice on
09/24/87. Temperature, humidity, and lighting were similar to in-flight conditions.

c) Synchronous control animals.

These rats were maintained in flight-type cages on a flight (paste) diet. They were exposed to the
launch G forces and vibration, deprived of food for 42 hrs. and exposed to the same lighting
regimen and temperature as flight rats after landing. After tb,¢;r"simulated flight" sacrifice was
delayed the same period as for flight rats. The re-entry G force and post flight transportation
conditions of the flight animals were not mimicked for the synchronous controls.

d) Vivarium control animals.

These animals were kept in cages of the same size as the flight cages with environr,aent,'dconditions
: similar to those in flight. They were fed the same quantity of food per day (55 g) but in only one
' fee/ling. On the night prior to sacrifice, food was withdrawn from these animals at 20:00 hrs.

Post flight conditions (e.g. temperature) were not mimicked for this group.

;_.gInlll.g..g_!eclionand initial tissoe extraction stetx
__

' Upon dissection the pineals were immediately placed in prechilled cryovials (10 x 55 mm), placed
into liquid nitrogen for quick-freeze, and shipl_,'! to Moscow i,1a liquid nitrogen biotransporter.
The samples were shipped to the U.S.A. and stored until analysis at -70 degrees C. Trunk blood
v,as collected immediately following decapitation into heparinized tubes and centrifuged at 4
degrees C. Plasma (1.5 ml) was rapidly frozen in liquid nitrogen and shipped to the U.S.A. in a

,J
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biotransporter. In the U.S.A. this volume was thawed and aliquoted (100 _1) for distribution to
various investigators.

The pineal glands _¢erethawed at room temperature, weighed, and homogenized in 200 lalof
perchloric acid. 100 gl of the crude homogenate was frozen and saved for the calcium analysis.
The remaining aliquots (100 I.tl)were inmaediately used for the HPLC analysis of 5-HT and 5-
HIAA.

[tP.LC,,.ggalysisof pineal serotonin. 5-HIAA. and plasma.

Aliquots (100 gl) of the crude pineal homogenate were centrifuged using Centrex brand
microfilters (0.45 um pore size, Schleicher and Schuell, Inc., Keene, New Hampshire, U.S.A.).
HomovaniUyl alcohol was added to the homogenates to act as an internal standard at a final
concentration of 10"6M. Serotonin and 5-HIAA were analyzed in the filtered homogenates by
HPLC using a modification of the method of Medfford and Barchas (1980). The f'dtered
homogenates were injected into a u-Bond_.pack brand C-18 reverse phase column of a high
pressure liquid chromatograI h (Bioanalytical Systems, Inc.). The mobile phase consisting of 0.1
M sodium acetate, 0.1 M citric acid and 25% v/v methanol (pH 4.1) was run through the column at
a flow rate of 1.0 ml/rnin. The various peaks were detected using an electrochemical detector
(Bioanalytical Systems, Inc.) mounted with a gla., ;y carbon working electrode and Ag/AgCl
reference electrode set at an oxidation potential of 0.85 V and sensitivity of 10 nAmps/V. Peaks
were _ategrated and analyzed using a Bioanalytical Systems, Inc. workstation mini-computer.

For analysis of plasma 20 I.tlof 1.0 M perchloric acid was added to 100 I.tlof plasma. The mixture
was filtered using micro-filter centrifuge tubes (Centrex brand, see above). The filtrate (20 lal) was
injected onto the HPLC column as above.

Radioimmunoassay of pinealmelatonincontent.

The melatonin content of the pineal homogenates (75 gl aliquots) were determined by
radioimmunoassay using "ultraspecific" melatonin antiserum and a procedure provided by Dr. G.
Brown (CIDtech Research, Inc., Ontario, Canada) using 3H-melatonin (Amersham Corp.,
Arlington Heights, IL, U.S.A.). The melatonin for standard was obtained from Sigma Chemical
Co., St. Louis, MO, U.S.A. (cat, #M5250). The assay performance characteristics in our
laboratory,were: sensitivity (defined as three standard deviations from the counts for the zero
reference standard tube), 5 pg/ml; interassay coefficient of variation, 11.5%; and inwaassay
coefficient of variation, 6.27%.

Atomic absorption analysis of pineal calcium content.

Total calcium content of the pineal homogenates was determined by atomic absorption
spectrophotometry using an electrothermal atomizer equipped with a carbon rod. Aliquots (5 I.tl)of
the hornogenates were diluted with ultra-pure water (7 mohm resistance, Multi-Q Water System,
Millipore, Corp., Bedford, MA, U.S.A.). Volume added was 200 or 250 t.tl to achieve
absorbance values in the range 0.1-0.5 absorbance units. Calcium reference standard was obtained
from VWR, Inc., San Francisco, CA, U.S.A. (cat. #EM-CX0082-1). Assay sensitivity was
approximately 4 pJ}.tl.

Given the experimental design, the groups were analyze¢l I v one-way analysis of variance
-_ (ANOVA). If the ANOVA ir,dicated a between group d/.;_rence (p < 0.05), then the data were
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furtheranalyzed by one or ra_rcof the following stafi_cal tests: Duncan'sMultiple Range Test,
Neg_n-Keul's Multiple ComparisonTest, or Fisher's Least Significant Diffaence Test. In "_
certain instances, Student'st-test for notspairedsamples was applied The 95% conf_ence li_t
was considered sig_"_t in all tests.

RESULTS

The results of this studyare summarized in Tables 1-3 and Figures 1-6.

A)  L iglat.

The data(Table 1) indicate:.trotthe flight rats were significantly smallerthanthe vivarium and
synchronous control animals (p < 0.01). Due to this difference, _estes :ad adrenalweights were
normalizedto percent of the body weight for group comparisons. Though the average testes
weight of the flight group was less than the other two _ups (p < 0.01 vs. vivarium), when
normalizedto percent body weight the differences were not significant. The pineal weights among
the groups were also not significantly different. Adrenals of the flight group, however, were
significandy enlarged when compared to the vivarium, synchronous and basal controls (p <
0.001), even for the nomutlized data. The adrenalenlargement is consistent with chronic exposure
to one or more environmental stressors. It should be noted, however, that at time of sacrifice there
was no statistical difference in the plasma corticosterone concentrations: Flight = 15.06:L'9.31S.D.;
Synchronous - 10.92:1:5.05;Vivarium - 22.J ¢_:13.67; Basal = 26.20-J:11.30 (data courtesy of Dr.
R. Grindeland and Marilyn Vasques, NASA-Ames Research Center).

B) pineal gland analysis.

Pineal melatonin content was determined for individual glands and the values normalized and
: reportedas pg/milligram pineal tissue (see Table 2). There were no significant differences among

the three test groups as determined by one-way analysis of variance. The results are,summarized
in Figure 1.

Serotonin (5-HT) and 5-HIAA content were also detem_ed for individual glands and the values
normalized and reported as ng/milligram pineal tissue (see Table 2). Results from two of the
animals (F-9 and S-6), however, were considerably different from other values within their
respective groups. Accordingly, if these values are included in a one-way analysis of variance,
then there are no significant differences among the group means (see Figures 3 and 5). However,
if the two values are removed from the analysis, then both flight group serotonin (5-HT) and 5-
H!AA are significantly greater than controls (see Figures 4 and 6).

Table 2 summarizes the pineal calcium determinations. Two of the samples that had extremely
high calcium concentrations were essumed to be contaminated, and were excluded from the
analysis (V-6 and S-10). One-way analysis of variance indicated no st_:istical differences amo_,g
the groups.

C) Plasma serotonin (5-FrI3. 5-HIAA and testosteroneconcenu,ations.

Table 3 indicates that the plasma testoste_ne concentration of the flight animals was lower than all
the other groups. The difference, however, was significant only for the basal controls vs. the
flight, vivarium and synchronous groups (p < 0.01). Note the difference between the flight
versus basal group was highly significant (p < 0.001).

The plasma concentration of 5-HIAA in all groups was below the detectable sensitivity of the
HPLC machine used in the analysis of the samples which indicates the plasma concentrations were
less than 2.0 ng/ml.
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Table 3 smmmriz_ theplasma serotonin (5-HT) date. Three samples v_re lost in the
extr_tion/nltraf_tration processing sxtdwere not it.eluded in theanalysis (F-10, V-7, taut S-7).
Subsequentanalysis revealed thatt_e f_ightgroup had relatively lower plasma t_on_trations of 5-
FIT. The difference was not signific_mtwhen subjected _oone-way analysis of variance..
However, the flight groupwas significantly differentfrom the basal group when analyzed by
Duncan's Range test, Fisher's LSD test and Student'st-test (p < 0.0.5). It should also be noted
that the synchronous control groupdiffered from the basal control group (p < 0.05, Fisher's LSD
Test).

DISCUSSION

Considerableevidence supportsthe existence of a pineal humeral factoror factors (most likely
rnelatonin)that can hffluence the hypothalamic-pitultarygonadal axis in many vertebxatespies
(Vollrath, 1981) including the rat (Einkley, 1983). If indeed the pineal is a major "link to the
environment" (Reiter, 1986) it is, therefore, possible that gonadal function of rats flown in space
might be alteredvia a mechanism that includes involvement of thepineal.

Several pieces of evidence intricatethat gonadal fur_-'.tionof the rats aboardthe Cosmos 1887
spaceflightmay have been compromised. Though the testes weights of the flight animals were
lower than the synchronous andvivarium controls (p < 0.01), the body weights of the flight
animals were also lower than the other groups (Table 1). _'hen the testes weights were normalized
as % body weight, the testes weight difference was not born-out. Plasma testosterone
concentration,however, was lowest in the flight animals andwas significantly lower than the basal
c_-,.trolgroup (p < 0.001). Microscopic examination of the testes also revealed that there were 4%
fewer spermatogoni_dcells in the flight groupversus thevivarium control group (p < 0.02, data
provided by Dr. D. Philpott).

It is known that light has a dramatic aridrather i_ate inhibito:'yeffect upon rat pineal N-
acetylserotoninand pine_ melatonin levels (Binidey, 1983). As a result we felt that to assess
pineal function we would have to measure parameterstha*were less labile. Green, et.al. (1977)
indicated that potent stressors (e.g. electroeonvulsive shocks) could alterserotonin turnoverfor up
to 6 days post exposure. Since serotonin is an importantprecursorto melatonin we felt thatits
measurement andrelative inertiawith respect to relative changes in concentrationmight be used as
an indirectindicator of melatonin synthesis. To do this, however, we felt measurement of 5-
HIAA, a majorserotorfinmetabolite, would be necessary as an indication of serotoninturnover.

As suspected, the pineal melatonin levels were very low at time of sacrifice (Table 2 and Figures 1
and 2). Given that the rats were sacrificed about2 hcars after lightson, and thatthe major
circadian dropin circulating melatonin is locked to the time of lights on (Binidey, 1983), it is not
surprisingthatthe pineal melatonin content was low in all groups. Given the limited amountof
plasma available to us for the analysis of 5-HT and5-HIAA (100 I_l),and given the low pineal
melatonmlevels, we did not measure the plasma melatoninconcentration.

Figures 4 and 6 reI_resentthe 5-HT and 5-HIAA dataafterelimination of two statistical oufliers.
Note thatexposure to the space environment resulted in a significant increase (p < 0.05) in the
pineal levels of these substances. The pineal glandcontent profile was not reflected in theblood,
however. Table 3 indicates that the flight and synchron_:s groups had low levels of 5-HT
compared to the basal group (p < 0.05) and that all groups hadundetectable levels of 5-HIAA. It
is known that the plasma 5-HI"levels may reflect peripht:ralsecretionand may not be an accurate
indicatorof centralserotonergic mechanisms. The results indicate that exposure to the space
environmenthaft an effect on the level of 5-HT and its ,am-over as indicated by concomitant
increase in 5-HIAA. This would be consist,',ntwith increased melatonin secretion during the
spaceflight which may have been i_lvolvedin the antigonadalactivity noted.
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It has been suggested thatmclatonin may be a hormoneof "stress" given its increased secretion
during conditions such as insulin-inducedhypoglycemia (Wumnan andMoskowitz, 1977). Yet
the melatonin cir_ rhyflunis 180 de._gr_..sout of phase with the corti_ circadian
rhythmandthereis evidence for a directinlfit_toryrole of the pinealandmelatoninon adrenal
glucocorticoid synthesis (Ogle andKitay, 19?8). The ad_nal h_y in the flight animals

' would indicate a chronic stress response. However, at timeof sacrifice the corticosterone levels

were not statistically differentamong thegroups. Eitherh_econditions resulting in cortic_terone
,- secretion haddissipated by the time of sacrificeor the secretmy response may have been inhibited

(normalcircadiannadir,or some other inhibitoryfactoror factors). The light cycle alterations(3-5
. hourphase advance, and the 36 hour day (20 hoursdark:16 hourslight) im_ priorto sacrifice

furthercomplicate the interpretationof thedata. Also, fasting is known to mduce a hormonal
secretorypatternsimilar to applicationof an environmentalstressor (therewas an approximately 47.

". hour fast during the recovery and sacrifice).

The pineal of humans and _,_ other mammalianspecies contain multi-layered hydroxyapatite
concentrationscalled corpo,a arenacea,or brainsam_ Aldtough thedegree of radiologically
detectablecalcification of the human pineal gland appears to increase with age, thtae is no

_ indication that increased calcification is relatedto loss of cellular activity. Histological and
biochemical studies have shown that the appearance of the pinealocyte cell type, pineal serotonin
content and HIOMT enzyme activity do not change with age (Giarman, 1960; Rodin andOverall,
1967; Smith, et al. 1977; Wurtman, 1964). Lukaszyk and Reiter (1975), suggest that the

:! deposition ofcalciummay be related to polypeptide secretion by the pinealgland, andmay serve as
an index of previousglandularactivity ratherthan degeneration. We found no statistical difference
in the total pineal calcium content among our test groups. Though two values assayed extremely
high, we felt that these were due to exogenous calcium contamination and were not included in the
final analysis.

In summary, we conclude that the spaceflight resulted in a stress response as indicated by adrenal
hypertrophy,thatgonadal function was compromised, and that the pineal may be linked as partof
the mechanism of the responses noted.
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TABLE 1. BODY WEIGHT, TES_.S WEIGHT, AND PINEAL WEIGHT OF A_,IMALS ON COSMOS 1887. rt

_. Group- Body Pineal Testes Testes _
Subj.# WL(8) Wt.(mg) _(L(8) WL(%B.W.) WL(g) WL(%B.W.I

F-6 304 1.51 1.24 0.41 48 15.8
I:-7 306 1.90 1.25 0.41 54 17.7
F-8 296 1.38 0.85 0.29 ._, 18.2
I:-9 300 2.47 1.30 0.43 44 14.7
F-10 310 1.45 1.32 0.43 54 17.5

X 303.2a,b 1.74 I.19a 0.39 50.8 16.78d,e,f
S.D. 5.40 0.45 0.19 0.06 4.60 1.47
S.E.M. 2.42 0.20 0.09 0.03 2.06 0.66

I

V-6 350 1.62 1.35 0.39 43 12.3
V-7 355 1.92 1.57 0.44 47 13,2 :
V-8 315 l.g4 1.42 0.45 40 12.7
V-9 355 2.11 1.45 0.4! 39 I1.0
V-I0 335 2.7,4 1.40 {?.42 44 13.I

X 342o 1.95 1.44 0.42 42.6 12_,6
,.O. 17.:q 0.24 0.08 0.02 3.21 0.89
S.E.M. 7.68 O.II 0.04 0.01 1.44 0.40

I .... I •

S-6 345 1.86 1.30 0.38 39 11.3
S-7 365 1.7,_ 1.42 0.39 45 12.3
S-8 355 2.00 1,35 0.38 45 12.7
S-9 -_0 2.15 ;.30 0.37 44 12.6
S-10 330 2.42 1.35 0.41 45 13.6

X 349.0 2.04 1.34 0.39 _ ,.6 12 30
S.D. 12.94 0.26 0.05 0.02 2.61 0.?3
S E.M. 5.79 0.11 0.02 0.01 1.17 0.3?

B-6 320 43 13.4
B-7 310 43 13.9
B-8 310 43 13.9
B-9 295 40 13.6
B- ,0 345 44 12.8

X 316.0b,c 42.6 13.52
$.D. 18.5, 1.52 0.46

S.E.M. 8.28 0.68 020

F = flightgroup a= versusV,p< 0.01

S : syachronous control group b = vergas S, p < 0.01
V = vivarium control group c = versus V, p < 0.05
B = basal control group d = versus V, p < 0.001
Wt. = weigh; t = versus S, p < 0.001
B.W. = body weight f = versus B, p < 0.001
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T_6LE 2. PINEAL CONTENT OF RATS FLOWN ABOARD COSMO_ 1887: MELATONIN 0Me:i). I
SEROIX)NIN (5-HT),5-HYDROXYINIX)LF_CETIC ACID (5-HIAA),andCALCIUM (Ca).

Group- Mel M¢I 5-HT 5-HT 5-HIAA 5-HIAA Ca Ca
subj.# (pg/gl) (pg/mgt) (ng/gl) (nghngt) (ng/gl) (ng/mgt)(ug/gl)(ug/mgt)

F-6 I" 1.9 80.8 23.103 15.300 19.306 12.785 1.02 0.68
F-7 112.Q 59.4 20.228 10.645 14.740 7.759 0.95 0.50
1:-8 37.6 27.1 24.302 17.610 17.404 12.612 1.12 0.81
F.9 28.2 11.4 8.594* 13.479* 6.989* 2.830* 1.09 0.44
F-10 37.5 25.9 15.669 10.806 12.893 8.892 0.42 0.30

X 67.62 40.92 20.83 TM 13.59*a,b t i.09 10.51*a,b 0.92 0.55
S.D. 45.71 28.37 3.84 3.44 2.84 2.57 0.29 0.20
SJ_.M. 20.44 12.69 !.92 1.72 1.42 1.28 0.13 0.09

II

V-6 50.3 31.0 20.810 12.846 11.912 7.353 ex ex
V-7 57.8 30.1 12.715 6.622 7.693 4.007 2.76 1.44
V-8 92..7, 50.3 14.956 8.]28 17.079 9.282 1.37 0.74
V-9 176.7 83.8 15.368 7.283 9.032 4.281 0.92 0.44
V-10 12.4 5.5 18.29¢) 8.169 11.664 5.207 0.93 0.42

X 77.9 40.1 16.43 8.61 11.48 6.03 2.06 0.53
S.D. 62.10 29.13 3.15 2.45 3.60 2.25 0.20 0.18
S.E.M. 27.77 13.03 1.41 1.10 1.61 1.00 0.12 0.10

III

S-6 87.8 47.2 27.878* 14.988" 54.805* 29.465* 0.99 0.53
S-7 144.0 82.3 13.419 7.668 15.361 8.778 0.98 0.56
S-8 31.2 15.2 11.169 5.845 4.358 2.179 0.90 0.45
S-9 90.8 41.8 13.390 6.228 10.080 4.688 0.97 0.45
S-10 65.7 27.1 10.875 4.493 6.617 2.734 ex ex

X 83.9 42.72 12.15* 6.06* 9.10" 4.60* 0.96 0.50
S.D. 4I.!8 25.44 1.31 1.31 4.79 2.99 0.04 0.06
S.E.M. 18.42 11.38 0.65 0.65 2.40 1.50 0.02 0.02

I __

l

F = flight g_'oup Ca = calcium
S = synchronous control group /gl =/whole pineal gland
V = vivaxium control group /mgt = /milligram pineal tissue
Mel = m¢latonin ex = samnle contaminated
5-HT = _..rotonin a = versus S,p <0.01 '
5HIAA = 5-Hydroxyincioleacetic _cid b = versus V,p <0.05

* .--means calculated without questionable values, see results
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TABLE 3. CONCENTRATION OF PLASMA SEROTONIN (5-I-IT),and TESTOSTERONE* OF RATS

O

Group- 5-HT Testosterone
subj.# (ng/mL) (n_JmL)

F-6 11.87 0.18
F-7 7.88 0.18
F-8 17.21 0.62
F-9 7.89 0.I0
F-10 N.D. 0.62

X 11.21 d 0.34 a
S.D. 4.42 0.26
S.E.M. 2.21 0.11

J,

LV-6 108.29 2.50
V-7 N.D. 1.20
V-8 28.06 0.43
V-9 38.14 0.48
V-10 14.99 0.24

X 47.37 0.97
S.D. 41.70 0.93
S.E.M. 20.85 0.42

"S-6 20.72 0.62
S-7 N.D. 3.50
S-8 11.77 0.85
S-9 11.35 1.85
S-10 34.55 0.77

X 19.60 d 1.52
S.D. 10.87 1.21
S.E.M. 5.43 0.54

-B-6 30.05 4.50_ -
B-7 47.88 4.20
B-8 44.87 3.40
B-9 73.50 2.40
B-10 123.99 2.00

X 64.06 3.30b,c
S.D. 36.97 1.09
S.E.M. 16.53 0.49

4

_" I IIII

F = flightgroup a= versusB,p < 0.001
S = synchronouscontrolgroup b = versusS,p < 0.01
V = vivariumcontrolgroup c= versusV,p< 0.01
B = basalcontrolgroup d= versusB,p < 0.05
N.D. = notdetermined *--detexminedbyRIA,dataprovidedby

Dr. R. GrindelandandM. Vasques,NASA-Ames
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Figure 1. Pineal melatonin content (pg/gland) synchronous control group (S), vivarium control
group (V), and flight animals aboard Cosmos 1887 (F). Values aremeans _+S.E.M., N =
5/group.
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Figure 2. Pineal melatonin content (pg/mg tissue) synchronous control group (S), vivarium
control group (3/), and flight animals aboard Cosmos 1887 (F). Values are means+ S.E.M., N =
5/group.
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Figure 3. Pineal sct_ordn (5-h'T)_,and_-hydroxyindolcaccfic acid (5-HIAA) expressed as
ng/gland in synchronouscontrol group (S), vivariumcontrol group (V), and flight animals aboard
Cosmos 1887 (F). Values are means _+S.E.M., N - 5/group.

Figu_¢4 Pineal scrotonin (5-ItT) ana 5-hydroxyindoleacefic acid (5-HIAA) expressed as ng/mg
tissue, in synchronouscontrol group (S), vivariutr, control group (V), and flight _imals aboard
CosnH.,s1887 (F). Values ,'_ _n_ns + S.E.M., N = 5/group.
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Figure 5. Pineal s_'otonin (5-HT) and 5-hydroxyindoleacetic acid (5-HIAA) expressed as
rig/glandin synchronouscontrol group (S), vivariumcontrol group (V), and flight animals aboard
Cosmos 1887 (F). Samples F-9 _ndS-6 w,_'cexcluded from the analysis (see results section).
Values arc means ± S.E.M., N = :) for V group,N = 4 for F and S groups. * = significantly
different versus congol, p < 0.05.

Figure 6. Pineal serotonin(5-HT) and 5-hydroxyindoleaceticacid (5-HIAA) expressed as ng/rng
tissue, in synchronous con_l group (S), vivariumcontrol group (V), and flight animals aboard
Cosmos 1887 (F). Samples F-9 and S-6 were excluded from the analysis (see results section).
Values are means ± $.E.M., N = 5 for V group,N -- 4 for F and S groups. * = significantly
different versus control, p < 0.05.
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